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EXPERIMENTAL INVESTIGATION OF COLD-FORMED 
STAINLESS STEEL RHS COLUMNS 
Ben Young! and YahuaLiu2 
ABSTRACT 
The paper describes an experimental investigation into the column strengths of cold-fonned 
stainless steel rectangular hollow sections (RHS). A series of tests consisting of four cross-
section sizes was compressed between fixed ends. The tests were perfonned over a range of 
column lengths, such that column curves were obtained for each series of tests. The failure 
modes of the columns involved local buckling, overall flexural buckling and interaction of 
local and overall buckling. The test strengths are compared with the design strengths 
predicted using the American, AustralianlNew Zealand and European specifications for cold-
formed stainless steel structures. The design strengths were calculated using the material 
properties obtained from tensile coupon tests and stub column tests. The reliability of these 
design rules is evaluated using reliability analysis. It is concluded that the design strengths 
predicted by the three specifications are generally conservative. The reliability analysis 
shown that the design strengths predicted by the AustralianlNew Zealand Standard are 
generally more reliable than the design strengths predicted by the American and European 
specifications. 
INTRODUCTION 
Cold-formed stainless steel tubular members are used increasingly for structural applications, 
such as column of frame structures, roof strnctures, truss girders and other applications. 
These structural members are primarily subjected to compressive load. Several design 
specifications are available for the design of cold-fonned stainless steel tubular compression 
members. These includes the American Society of Civil Engineers (ASCE, 1991) 
Specification for the Design of Cold-Fonned Stainless Steel Structural Members, the 
AustralianlNew Zealand Standard (AustJNZS, 2001) for Cold-formed Stainless Steel 
Structures and the European Code (Eurocode 3, 1996) Design of Steel Structures, Part 1.4: 
Supplementary Rules for Stainless Steels. However, the design rules in these specifications 
are mainly based on the investigations of pin-ended columns. Pin-ended support conditions 
are rarely realised in practice. In most cases, some degree of rotational restraint is offered at 
the end supports, and the column is somewhere between fixed and pinned. Therefore, it is 
also important to obtain test data for fixed-ended columns. There are not many test data 
available on the strength of fixed-ended cold-fonned stainless steel tubular columns. 
Recently, Young and Hartono (2002) perfonned a series of tests on fixed-ended cold-formed 
~tainless steel circular hollow section columns. 
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The purpose of this paper is to present a series of tests on fIxed-ended cold-formed stainless 
steel rectangular hollow section columns. The test strengths are compared with the design 
strengths predicted using the American (1991), AustralianlNew Zealand (2001) and European 
(1996) specifIcations for cold-formed stainless steel structures. The design strengths were 
calculated using the material properties from the fmished specimens, which take into account 
of the enhancement of the material properties due to cold-working on the specimens. The 
material properties were determined by tensile coupon tests as well as stub column tests. 
Reliability analysis was performed to evaluate the reliability of the design rules. 
EXPERIMENTAL INVESTIGATION 
Test Specimens 
The tests were performed on rectangiIlar hollow sections (RHS) of austenitic stainless steel of 
type 304. The test specimens were cold-rolled from annealed flat strips. The specimens were 
supplied from the manufacturer in uncut lengths of 6000 mm. Each specimen was cut to a 
specifIed length ranging from 360 mm to 3600 mm, and both ends were welded to stainless 
steel end plates to ensure full contact between specimen and end bearings. The longest 
specimen lengths produced l.Iry ratios of 104, 113,55 and 57 for Series Rl, R2, R3 and R4 
respectively, where 1. is the column effective length and ry is the radius of gyration about the 
y-axis. Four series of RHS were tested, having a nominal depth of 120 mm and the nominal 
width was either 40 or 80 mm. The nominal thickness ranged from 2 to 6 mm. The specimens 
were separated by different cross-section dimensions. Each series was tested between fIxed 
ends at various column lengths. The test specimens were labeled such that the series and 
specimen length could be identifIed from the label. For example, the label "RlL0360R" 
defInes the following specimen: 
• The fIrst two letters indicate that the specimen belongs to test Series Rl, where the prefIx 
letter "R" refers to rectangular hollow section. 
• The third letter "L" indicates the length of the specimen. 
• The last four digits are the nominal length of the specimen in mm (360 mm). 
• If a test was repeated, then the letter "R" indicates the repeated test. 
The four test series were Rl, R2, R3 and R4 of section sizes 120x4OX2.0, 120x40x5.3, 
120x80x2.8 and 120x80x6.0 respectively. Tables 1-4 show the measured cross-section 
dimensions of the test specimens using the nomenclature defIned in Fig. 1. The cross-section 
dimensions shown in Tables 1-4 are the averages of measured values at both ends for each 
test specimen. 
Material Properties 
Tensile coupon tests 
Longitudinal tensile coupons of each series of specimens were tested to determine the 
material properties. The coupons were taken from the finished specimens belonged to the 
same batch of specimens as the column tests. The location of the coupons is shown in Fig. 1, 
which taken from the centre of the column face at 90° angle from the weld. The coupon 
dimensions conformed to the Australian Standard AS 1391 (1991) for the tensile testing of 
metals using 12.5 mm wide coupons of gauge length 50 mm. The coupons were also tested 
according to AS 1391 (1991) in a 300 kN capacity Instron UTM displacement controlled 
testing machine using friction grips. A calibrated extensometer of 50 mm gauge length was 
400 
used to measure the longitudinal strain. In addition, two linear strain gauges were attached to 
each coupon at the center of each face. The strain gauges readings were used to determinate 
the initial Young's modulus. A data acquisition system was used to record the load and the 
readings of strain at regular intervals during the tests. The static load was obtained by pausing 
the applied straining for 1.5 minutes near the 0.2% proof stress and the ultimate tensile 
strength. This allowed the stress relaxation associated with plastic straining to take place. The 
material properties obtained from the coupon tests are summarized in Table 5. The measured 
material properties are the static 0.2% (0'0.2) and 0.5% (0'0.5) proof stresses, the static tensile 
strength (O'u), as well as the initial Young's modulus (Eo) and the elongation after fracture (eu) 
based on a gauge length of 50 mm. 
Stub column tests 
The material properties of the complete cross-section in the cold-worked state were obtained 
from the stub column tests. The shortest specimen lengths complied with the Structural 
Stability Research Council (SSRC) guidelines (Galambos, 1988) for stub column lengths. 
The measured cross-section dimensions and the measured specimen length of the stub 
columns are given in Tables 1-4. A total of eight stub columns were tested, and the specimens 
were R1L0360, RIL0360R, R2L0360, R2L0360R, R3L0360, R3L0360R, R4L0360 and 
R4L0360R. Four longitudinal strain gauges were attached at mid-length of the stub columns. 
The strain gauges were located at the centre of each face of the columns. In addition, four 
displacement transducers were connected to the bottom end plate of the specimens, and the 
transducers measured the shortening of the specimens from the top end plate of the 
specimens. Similar to tensile coupon tests, the static load was obtained by pausing the applied 
straining for 1.5 minutes. Table 6 shows the measured initial Young's modulus (Eo) and the 
static 0.2% proof stress (0'0.2), which was obtained from the strain gauges readings. 
Ramberg-Osgood expression 
The measured stress-strain curves obtained from the tensile coupon tests and stub column 
tests were used to determine the parameter n using the Ramberg-Osgood expression 




where e is the strain, 0' is the stress and n is a parameter that describes the shape of the curve. 
The parameter n was obtained from the measured 0.01 % (0'0.01) and 0.2% (0'0.2) proof stresses 
using n = In(0.0l/0.2) Iln(0'0.01/0'0.2)' The values of n for tensile coupon tests and stub column 
tests are shown in Tables 5 and 6 respectively. 
Test Rig 
Figure 2 shows the test rig and the test setup of a typical column. Two stainless steel end 
plates were welded to the ends of the specimen. A servo-controlled hydraulic testing machine 
was used to apply compressive axial force to the specimen. A moveable upper end support 
allowed tests to be conducted at various specimen lengths. A rigid flat bearing plate was 
connected to the upper end support, and the top end plate of the specimen was bolted to the 
rigid flat bearing plate, which was restrained against the minor and major axes rotations as 
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well as twist rotations and warping. Hence, the top end of the column was fixed in position. 
The load was then applied at the lower end through a spherical bearing. Initially, the spherical 
bearing was free to rotate in any directions. The ram of the actuator was moved slowly 
toward the specimen until the spherical bearing was in full contact with the bottom end plate 
of the specimen having a small initial load of approximately 2 kN. This procedure eliminated 
any possible gaps between the spherical bearing and the bottom end plate of the specimen. 
The bottom end plate of the specimen was bolted to the spherical bearing. The spherical 
bearing was then restrained from rotations and twisting by using vertical and horizontal bolts 
respectively. The vertical and horizontal bolts of the spherical bearing were used to lock the 
bearing in position after full contact was achieved. Hence, the spherical bearing became a 
fixed-ended bearing. The fixed-ended bearing was considered to restrain both minor and 
major axes rotations as well as twist rotations and warping. Three displacement transducers 
were positioned on the fixed-ended bearing to measure the axial shortening of the specimen. 
Displacement control was used to drive the hydraulic actuator at a constant speed of 0.7 
mm/min. The use of displacement control allowed the tests to be continued into the post-
ultimate range. A data acquisition system was used to record the applied load and the 
readings of displacement transducers at regular intervals during the tests. The static load was 
recorded by pausing the applied straining for 1.5 minutes near the ultimate load. This allowed 
the stress relaxation associated with plastic straining to take place. 
Measured Geometric Imperfections 
Initial overall geometric imperfections of the specimens were measured prior to testing. 
Minor axis flexural imperfections were recorded for all specimens, except for the stub 
columns. A theodolite was used to obtain readings at mid-length and near both ends of the 
specimens. The overall geometric imperfections at mid-length (8) over the specimen length 
(L) are shown in Table 7. The maximum overall minor axis flexural imperfections at mid-
length were 111840, 111830, 111200 and 11790 of the specimen length for Series Rl, R2, R3 
and R4 respectively. 
Test Results 
The experimental ultimate loads (PExp) of the stub and long column tests are shown in Tables 
8, 9, 10 and II for Series RI, R2, R3 and R4 respectively. The stub column tests were 
repeated for all series. The test results for the repeated tests are very close to the first test 
values, with a difference of 1.7%, 2.6%, 2.1 % and 1.9% for Series RI, R2, R3 and R4 
respectively. The small difference between the repeated tests demonstrated the reliability of 
the test results. Failure modes at ultimate load of the columns involved local buckling, overall 
flexural buckling and interaction of local and overall flexural buckling. Figure 2 shows the 
interaction of local and overall flexural buckling of specimen RIL2000 at ultimate load. 
Specimen R2L2000 failed at pure flexural buckling. 
COMPARISON OF TEST STRENGTHS WITH DESIGN STRENGTHS 
The fixed-ended test strengths (PExp) are compared with the un factored design strengths 
predicted using the American (1991), AustralianlNew Zealand (2001) and European (1996) 
specifications for cold-formed stainless steel structures. The design strengths were calculated 
using the material properties obtained from both the tensile coupon tests as well as the stub 
column tests, in which the 0.2% proof stresses were used as the corresponding yield stresses. 
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Tables 8-11 show the comparison of the test strengths with the design strengths, where P ASCE, 
P AU.ftlNZS and P EO are the design strengths calculated using the material properties obtained 
from tensile coupon tests for American, AustralianlNew Zealand and European specifications 
respectively. The P~SCE' P~ustl NZS and P;C3 are the design strengths calculated using the 
material properties obtained from stub column tests. The test strengths are also compared 
with the column curves obtained from the three specifications as shown in Figs. 3-6. The 
theoretical elastic minor axis flexural buckling loads of the fixed-ended columns are also 
shown in Figs. 3-6. In calculating the design strengths and the theoretical buckling loads, the 
fixed-ended columns were designed as concentrically loaded compression members and the 
effective length (Ie) was assumed equal to one-half of the column length (L) for the fixed-
ended columns (Ie = L12) as recommended by Young and Rasmussen (1998). The design 
strengths and the theoretical buckling loads were calculated using the average measured 
cross-section dimensions and the measured material properties for each test series as detailed 
in Tables 1-6. 
For the design of compression members, the ASCE Specification adopts the Euler column 
strength while the Aust/NZS Standard allows the use of Euler column strength (identical to 
those in the ASCE Specification) or the Perry curve. The latter has been used for the purpose 
of comparison. The Eurocode 3 adopts the Perry curve. For the ASCE Specification, the 
tangent modulus (E() was determined using Equation (B-2) in Appendix B of the 
Specification. For the Aust/NZS Standard, the values of the required parameters ex, ~ 11.0 and 
A.i were obtained from Table 3.4.2 of the Standard, which depend on the type of stainless 
steel and these parameters are given as ex = 1.59, ~ = 0.28, 11.0 = 0.55 and A.i = 0.20 for type 
304. For the Eurocode 3, the values of imperfection factor and limiting slenderness were 
taken as 0.49 and 0.4 respectively, which were obtained from Table 5.2 of the Code. The 
three specifications require the determination of effective cross-section area (Ae) of the 
column. In the three specifications, the effective area was found to be equal to the gross area 
of cross-section (fully effective) for Series R2 and R4, whereas the effective area was found 
to be less than the gross area of cross-section for Series R1 and R3. 
Reliability analysis is detailed in the ASCE Specification (1991), and a target reliability index 
(~o) of 3.0 for structural members as a lower limit is recommended. A resistance factor (<I» of 
0.85 for concentrically loaded compression members is given by the American and 
AustralianlNew Zealand specifications, while a <I> factor of 111.1 is given by the European 
Code, and these factors are used in the reliability analysis. The load combinations of 1.2DL + 
1.6LL, 1.25DL + 1.5LL and 1.35DL + 1.5LL are used in the analysis for American, 
AustralianlNew Zealand and European specifications respectively, where DL is the dead load 
and LL is the live load. The statistical parameters were obtained from Clause 6 of the ASCE 
Specification for structural members, where Mm = 1.10, Fm = 1.00, VM = 0.10 and VF = 0.05 
which are the mean values and coefficients of variation of material and fabrication factors. 
The statistical parameters Pm and Vp are the mean value and coefficient of variation of tested-
to-predicted load ratios respectively, as shown in Tables 8-11. The reliability indices (~o) of 
the design rules were determined and the values are shown in Tables 8-11. 
The design strengths predicted by the ASCE Specification and Eurocode 3 using the material 
properties obtained from tensile coupon tests and stub column tests are generally 
conservative, except for some of the long columns as shown in Tables 8-11. However, the 
design strengths predicted by the Aust/NZS Standard are conservative for all specimens. It 
should be noted that the stub column test strengths are relatively higher than the design 
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strengths for the more compact sections Series R2 and R4. The stub column tests 
approximately reached the ultimate strength of the material, whereas the design strengths 
calculated based on the 0.2% proof stress. For Series Rl, the mean values of PExp / PA;CE ' 
P Exp / PAustlNZS and P Exp / PEC3 ratios are 1.10, 1.24 and 1.08 with the coefficients of variation 
(COY) of 0.091, 0.062 and 0.092, and the reliability indices of 2.92, 3.34 and 2.44 for the 
ASCE, Aust/NZS and Eurocode 3 specifications respectively. The mean values of 
PExp / P;SCE , PExp / P;U.ftINZS and PExp / P;C3 ratios are 1.27, 1.42 and 1.24 with the COY of 
0.109, 0.058 and 0.102, and the reliability indices of 3.32, 3.92 and 2.91 for the ASCE, 
Aust/NZS and Eurocode 3 specifications respectively, as shown in Table 8. The mean values 
of the test strength to design strength ratios, COY and reliability indices for Series R2, R3 
and R4 are shown in Tables 9, 10 and 11 respectively. The reliability indices of the design 
rules for the Aust/NZS Standard are higher than the target reliability index of 3.0, except for 
Series R2 and R3 with a lowest reliability index of 2.90, which is slightly less than the target 
value. The reliability indices of the design rules for the ASCE Specification are generally 
lower than the target value, except for Series Rl and R3, and the Eurocode 3 are lower than 
the target value for all series. Therefore, it can be concluded that the design rules in the 
Aust/NZS Standard are generally more reliable than the design rules in the ASCE 
Specification and Eurocode 3. 
CONCLUSIONS AND DESIGN RECOMMENDATIONS 
An experimental investigation of fixed-ended cold-formed stainless steel rectangnlar hollow 
section (RHS) columns has been presented. Four series ofRHS were tested at various column 
lengths. Hence, column curves were obtained for each series of test. The test strengths were 
compared with the design strengths predicted using the American (1991), AustralianlNew 
Zealand (2001) and European (1996) specifications for cold-formed stainless steel structures. 
The material properties of the specimens were obtained from tensile coupon tests as well as 
stub column tests. Both material properties were used to calculate the design strengths. The 
design strengths were calculated based on an effective length of one-half of the column 
length. It is demonstrated that the design strengths predicted by the three specifications are 
generally conservative for the tested fixed-ended cold-formed stainless steel RHS columns. 
Reliability analysis has been used to evaluate the reliability of the design rules. It is shown 
that the design rules in the AustralianlNew Zealand Standard are generally more reliable than 
the design rules in the American and European specifications. It is recommended that the 
design rules in the AustralianlNew Zealand Standard can be used for the design of fixed-
ended cold-formed stainless steel RHS columns. The design strengths can be calculated based 
on the material properties obtained from either stub column test or tensile coupon test. 
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= gross area (unreduced cross-section); 
= effective area (reduced cross-section); 
= overall width of rectangular hollow section; 
= coefficient of variation; 
= overall depth of rectangular hollow section; 
= dead load; 
= initial Young's modulus; 
= tangent modulus; 
= mean value of fabrication factor; 
= actual length of test specimen (column length); 
= live load; 
= effective length (Ie = Ll2); 
= mean value of material factor; 
= exponent in Ramberg-Osgood expression; 
= compressive axial load; 
= unfactored design strengths calculated using the material properties obtained 






















= unfactored design strengths calculated using the material properties obtained 
from stub column tests for the American Specification; 
= unfactored design strengths calculated using the material properties obtained 
from tensile coupon tests for the Austra1ian/New Zealand Standard; 
= unfactored design strengths calculated using the material properties obtained 
from stub column tests for the AustralianlNew Zealand Standard; 
= unfactored design strengths calculated using the material properties obtained 
from tensile coupon tests for the European Code; 
= unfactored design strengths calculated using the material properties obtained 
from stub column tests for the European Code; 
= experimental ultimate load (test strength); 
= mean value of tested-to-predicted load ratios; 
= rectangular hollow section; 
= inside comer radius of rectangular hollow section; 
= radius of gyration about the minor y-axis; 
= thickness of rectangular hollow section; 
= coefficient of variation of fabrication factor; 
= coefficient of variation of material factor; 
= coefficient of variation of tested-to-predicted load ratios; 
= parameter used to define imperfection parameter; 
= parameter used to define imperfection parameter; 
= reliability index (safety index); 
= initial overall geometric imperfection at mid-length; 
= strain; 
= elongation (tensile strain) after fracture based on a gauge length of 50 mm; 
= resistance (capacity) factor; 
= parameter used to define imperfection parameter; 
= parameter used to derme imperfection parameter; 
= stress; 
= static 0.01 % proof stress; 
= static 0.2% proof stress; 
= static 0.5% proof stress; and 
= static tensile strength. 
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Specimen Depth Width Thickness Radius Length Area 
D B t ri L A 
(mm) (mm) (mm) (mm) (mm) (mmk) 
R1L0360 120.0 40.0 1.96 3.1 358.5 598 
R1L0360R 120.0 40.0 1.93 3.1 359.5 590 
R1L1200 120.1 40.1 1.94 3.1 1198.5 592 
R1L2000 120.2 40.0 1.95 3.1 2000.0 596 
R1L2800 120.2 40.0 1.97 3.1 2800.0 601 
RIL3600 120.2 40.0 1.96 3.1 3600.0 598 
Mean 120.1 40.0 1.95 3.1 --- 596 
COY 0.001 0.000 0.007 0.000 --- 0.007 
Note: 1 m. = 25.4 mm; COY = coefficIent ofvanatlOn. 
Table 1. Measured specimen dimensions for Series Rl 
Specimen Depth Width Thickness Radius Length Area 
D B t r; L A 
(mm) (mm) (mm) (mm) (mm) (mmk) 
R2L0360 119.8 40.0 5.30 3.7 359.0 1523 
R2L0360R 119.6 40.1 5.27 3.7 359.0 1515 
R2L1200 119.7 39.9 5.31 3.7 1200.0 1525 
R2L2000 119.7 40.1 5.27 3.7 2000.0 1515 
R2L2800 119.8 40.0 5.29 3.7 2801.0 1520 
R2L3600 119.7 40.1 5.27 3.7 3600.0 1516 
Mean 119.7 40.0 5.29 3.7 --- 1519 
COY 0.000 0.002 0.004 0.000 --- 0.003 
Note: 1 m. = 25.4 mm; COY = coefficIent of vanatlOn. 
Table 2. Measured specimen dimensions for Series R2 
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Specimen Depth Width Thickness Radius Length Area 
D B t r; L A 
(mm) (mm) (mm) (mm) (mm) (mm<) 
R3L0360 119.8 79.8 2.78 3,9 360.0 1056 
R3L0360R 120.1 79.9 2.81 3.9 359.5 1066 
R3L12oo 119.9 80.1 2.82 3.9 1199.5 1069 
R3L20oo 120.0 ~O.O 2.80 3.9 2000.0 1063 
R3L2800 119.4 79.9 2.92 3.9 2799.5 1101 
R3L3600 119.7 80.1 2.90 3.9 3598.5 1097 
Mean 119.8 80.0 2.84 3.9 --- 1075 
COY 0.002 0.001 0.020 0.000 --- 0.017 
Note: 1 In. = 25.4 mm; COY = coefficient of variation. 
Table 3. Measured specimen dimensions for Series R3 
Specimen Depth Width Thickness Radius Length Area 
D B t rj L A 
(mm) (mm) (mm) (mm) (mm) (mm<) 
R4L0360 120.2 80.3 5.98 6.5 360.0 2159 
R4L0360R 119.9 80.5 6.03 6.5 359.0 2172 
R4L1200 120.1 80.2 6.01 6.5 1199.5 2167 
R4L2000 120.1 80.4 6.02 6.5 2000.0 2169 
R4L2800 120.3 80.6 5.96 6.5 2800.0 2158 
R4L36oo 120.2 80.5 6.11 6.5 3600.0 2201 
Mean 120.2 80.4 6.02 6.5 --- 2171 
COY 0.001 0.002 0.009 0.000 --- 0.007 
Note: 1 in. = 25.4 mm; COY = coefficient of variation. 
Table 4. Measured specimen dimensions for Series R4 
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Series Eo 0"0.2 0"0.5 O"u E. n 
(GPa) (MPa) (MPa) (MPa) (%) 
Rl 198 350 381 649 72 5 
R2 194 424 477 676 61 5 
R3 193 366 398 648 68 5 
R4 194 443 482 678 61 5 
Note: 1 ksi = 6.89 MPa. 
Table 5. Measured material properties from tensile coupon tests 
Series Eo 0"0.2 n 
(GPa) (MPa) 
Rl 183 293 6 
Rl 176 297 5 
Mean 180 295 5.5 
R2 183 498 3 
R2 189 498 3 
Mean 186 498 3 
R3 191 383 4 
R3 190 383 4 
Mean 191 383 4 
R4 191 480 .3 
R4 191 484 3 
Mean 191 482 3 
Note: 1 kSI = 6.89 MPa. 



















Table 7. Measured overall geometric imperfections at mid-length 
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Specimen Test Comparison 
PExp ~ PEXP PExp PEXP PExp PExp PASCE PAustlNZS PEC3 P;SCE P;ustlNZS P;C3 
(kN) 
R1L0360 187.8 1.19 1.19 1.19 1.39 1.39 1.39 
R1L0360R 184.7 1.17 1.17 1.17 1.37 1.37 1.37 
R1L1200 167.0 1.13 1.26 1.06 1.32 1.45 1.24 
R1L2000 141.3 1.17 1.36 1.05 1.34 1.56 1.21 
R1L2800 96.2 0.95 1.16 0.92 1.07 1.32 1.04 
RIL3600 83.7 1.00 1.27 1.09 1.12 1.43 1.23 
Mean,Pm --- 1.10 1.24 1.08 1.27 1.42 1.24 
COY, Vp --- 0.091 0.062 0.092 0.109 0.058 0.102 
Reliability Index, 60 --- 2.92 3.34 2.44 3.32 3.92 2.91 
Note: 1 kip = 4.45 kN; COY = coefficient of variation. 
Table 8. Comparison of test strengths with design strengths for Series Rl 
Specimen Test Comparison 
PExp 
PExp ~ PExp PExp ~ PExp 
PASCE PAu,\·t I NZS PEC3 P;SCE P;u.I'tINZS P;C3 
(kN) 
R2L0360 969.8 1.50 1.50 1.50 1.28 1.28 1.28 
R2L0360R 994.7 1.54 1.54 1.54 1.31 1.31 1.31 
R2L1200 717.4 1.28 1.57 1.23 1.04 1.42 1.10 
R2L2000 416.7 1.00 1.31 1.02 0.99 1.23 0.98 
R2L2800 260.9 0.85 1.16 1.00 0.94 1.13 0.99 
R2L3600 163.7 0.76 1.02 0.94 0.86 1.01 0.95 
Mean,Pm --- 1.16 1.35 1.21 1.07 1.23 1.10 
COY, Vp --- 0.288 0.166 0.220 0.174 0.117 0.144 
Reliability Index, 60 --- 1.86 2.90 2.05 2.29 2.96 2.22 
Note: 1 kip = 4.45 kN; COY = coefficient of variation. 
Table 9. Comparison of test strengths with design strengths for Series R2 
411 
Specimen Test Comparison 
PExp ~ PExp PExp PExp PExp PExp PASCE PAustlNZS PEC3 P:SCE -,-- P;C3 PAustlNZS 
(kN~ 
R3L0360 404.6 1.11 1.11 1.11 1.07 1.07 1.07 
R3L0360R 413.1 1.13 1.13 1.13 1.09 1.09 1.09 
R3L1200 398.3 1.09 1.09 1.09 1.05 1.05 1.05 
R3L2000 394.0 1.10 1.26 1.08 1.04 1.23 1.05 
R3L2800 336.8 1.08 1.26 1.01 1.04 1.24 0.99 
R3L3600 310.6 1.12 1.35 1.06 1.11 1.32 1.04 
Mean,Pm --- 1.11 1.20 1.08 1.07 1.17 1.05 
COY, Vp --- 0.017 0.087 0.Q38 0.026 0.093 0.034 
Reliability Index, 130 --- 3.26 3.08 2.68 3.10 2.93 2.56 
Note: 1 kip = 4.45 kN; COY = coefficIent ofvanation. 
Table 10. Comparison of test strengths with design strengths for Series R3 
Specimen Test Comparison 
PExp ~ PExp PExp ,PExp PExp PExp PASCE PAu,,,INZS PEC3 P;SCE PAuNlINZS P;C3 
(kN) 
R4L0360 1414.1 1.47 1.47 1.47 1.35 1.35 1.35 
R4L0360R 1387.8 1.44 1.44 1.44 1.33 1.33 1.33 
R4L1200 1222.0 1.27 1.27 1.27 1.17 1.17 1.17 
R4L2000 970.4 1.06 1.30 1.06 0.93 1.23 0.99 
R4L2800 859.7 1.12 1.41 1.08 1.03 1.34 1.03 
R4L3600 612.2 0.93 1.21 0.93 0.94 1.16 0.90 
Mean,Pm --- 1.22 1.35 1.21 1.12 1.26 1.13 
COY, Vp --- 0.177 0.Q78 0.181 0.167 0.070 0.164 
Reliability Index, 130 --- 2.65 3.59 2.28 2.47 3.38 2.17 
Note: 1 kip = 4.45 kN; COY = coefficIent ofvanation. 





Fi~. 1. Definition of symhols and location of tensile coupon in cross-section 
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Fig. 3. Fixed-ended column curves for Series Rl 
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Fig. 4. Fixed-ended column curves for Series R2 
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Fig. 5. Fixed-ended column curves for Series R3 
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Fig. 6. Fixed-ended column curves for Series R4 

